


NASA T M  X-1454 

WIND-TUNNEL BUFFETING MEASUREMENTS ON TWO WING-END-PLATE 

AIRPLANE MODEL CONFIGURATIONS 

By William B. Igoe 

Langley Resea rch  Center  
Langley Station, Hampton, Va. 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

For sale by the Clearinghouse for Federal Scientific and Technical Information 
Springfield, Virginia 22151 - CFSTI price $3.00 



, 

WIND-TUNNEL BUFFETING MEASUREMENTS ON TWO WING-END-PLATE 

AIRPLANE MODEL CONFIGURATIONS 

By William B. Igoe 
Langley Research Center 

SUMMARY 

During the course of wind-tunnel force tests on a 1/30-scale model of a proposed 
subsonic nuclear -powered airplane in the Langley 16 -foot transonic tunnel, wing-buffeting 
measurements were made on two different wing - end-plate model configurations. The 
low-aspect-ratio (3.6) wing had a leading-edge sweepback angle of 51°, and the high- 
aspect-ratio (6.0) wing had a leading-edge sweepback angle of 36O. The model support 
system introduced undesirable buffeting response vibration modes in the same frequency 
range as the model wing vibration modes. On a comparative basis, the high-aspect-ratio 
wing configuration generally exhibited a more abrupt entry into buffeting with increasing 
angle of attack and had a lower lift coefficient for the onset of buffeting than that of the 
low - asp ec t -r atio wing configuration. 

INTRODUCTION 

The buffeting measurements presented in this report were obtained during the 
course of conventional wind-tunnel force tests which were reported in references 1 and 2. 
Time-history records of the wing bending moments on an airplane model were obtgined 
to compare the buffeting characteristics of two different wing configurations and to pre- 
dict full-scale-airplane flight wing-buffeting characteristics from the wind-tunnel model 
measurements. 

Some of the wind-tunnel testing techniques for making these measurements have 
been discussed in references 3 and 4. Reference 4 has indicated that the principal model 
requirements for flight buffeting prediction are (1) that the model wing damping be pri-  
marily aerodynamic so that differences between model and full-scale structural damping 
will be unimportant and (2) that the model buffeting response mode and scaled reduced 
frequency correspond to those of the airplane. Flight buffeting measurements (ref. 3) 
have shown that the airplane wing buffeting response usually occurs primarily in the wing 
first mode of vibration. During the wind-tunnel tests of references 1 and 2, the model 
support system introduced buffeting response modes in the same frequency range as the 
model wing vibration modes. These extraneous response modes would not be duplicated 



in the full-scale-airplane flight buffeting response. Because of their presence, no attempt 
has been made to predict full-scale buffeting loads from the model data. However, since 
the support system was the same for the two model wing configurations, their buffeting 
characteristics may be compared on a relative basis, and buffet boundaries defined where 
possible. 

The buffeting measurements were made in the Langley 16-foot transonic tunnel on 
a 1/30-scale model of a proposed subsonic nuclear-powered airplane. One wing config- 
uration (reported in ref. 1) had an aspect ratio of 3.6 and a leading-edge sweepback 
angle of 51O; the other (reported in ref. 2)  had an aspect ratio of 6.0 and a leading-edge 
sweepback angle of 36O. Both wings had end plates which acted as wing-tip-mounted 
vertical fins. 

SYMBOLS 

CL 

f 

d Y )  

M 

M1 

wing span, meters (m) 

wing chord, meters (m) 

average wing chord, meters (m) 

aerodynamic coefficient of buffeting intensity (called buffeting coefficient 
(r herein), 

Lift lift coefficient, - 
cis 

frequency, cps 

mass per unit length of wing, kilograms/meter (kg/m) 

Mach number 
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Mm, 1 weighted wing moment of mass outboard of point yg, 

b/2 (y - yg)m(y)wl(y)dy, kilogram-meters (kg-m) 
yg 

dynamic pressure, newtons/metera (N/m2) 

planform area of basic wing (excludes leading-edge chord-extension), 
meters2 (m2) 

c(y)wl(y)dy, meters2 (m2) 
b/2 

'-b/2 
weighted wing area, 

deflection of wing elastic axis in first symmetrical mode of vibration, 
normalized to unit deflection at wing tip 

spanwise coordinate, meters (m) 

spanwise coordinate at strain-gage location, meters (m) 

angle of attack of wing chord plane, degrees (deg) 

root -mean-square turbulent-fluctuating-airstream angularity on wind-tunnel 
center line in pitch plane of model, radians (rad) 

root -mean-square wing bending moment measured at strain-gage location, 
newton-meter s (N-m) 

wind-off natural circular frequency of wing first symmetrical mode, 
radians/second (rad/sec) 

APPARATUS AND TESTS 

Model 

A photograph of the 1/30-scale model with the low-aspect-ratio (3.6) wing is pre- 
sented in figure 1, and sketches of both models together with a few of the overall dimen- 
sions are presented in figure 2. Some of the model geometrical and physical constants 
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are presented in table I. The model consisted of a wing with end plates, a fuselage, and 
flow-through nacelles. A complete description of all the model components is presented 
in references 1 and 2. The low-aspect-ratio (3.6) wing had a leading-edge sweepback 
angle of 51°, a root-chord incidence angle of 1.5', and an outboard leading-edge chord- 
extension deflected down 15O. The high-aspect-ratio (6.0) wing had a leading-edge 
sweepback angle of 36O, a root-chord incidence angle of 3.5', and an outboard leading- 
edge chord-extension deflected down 1 2 O .  Each wing was built up of solid steel compo- 
nents. Both wings had a basic planform taper ratio of 0.4 and a dihedral angle of 4O. 
Each wing had modified NACA 65-series airfoil sections streamwise, with slightly dif-  
ferent thickness-chord ratio distributions which varied from about 0.12 at the root to 
about 0.08 at the tip. The fuselage, nacelles, and entire model support system were the 
same for both configurations. Neither wing was twisted or cambered. 

The wind-on model frequency characteristics are shown in the power spectral 
density plots of the wing bending moment in figures 3 and 4. The important response 
modes are the wing first symmetric and second antisymmetric modes, and the "rigid 
body" roll and pitch modes which are introduced by the support system. 

Instrumentation 

The wing-buffeting data were obtained by using a bending strain-gage bridge which 
was mounted near the elastic axis on the left-wing panel of each configuration, about one- 
quarter of a meter outboard of the model center line. The strain-gage locations are 
shown in figure 2. The time-history strain-gage signals were amplified and recorded on 
a 14-channel magnetic-tape recorder utilizing a frequency modulation system. In order 
to obtain root-mean-square and power -spectral-density information, the tape records 
were analyzed on analog data-reduction equipment which is described in reference 5. 

As a measure of wind-tunnel turbulence, the time-history of the fluctuating differ- 
ential between static-pressure orifices on the top and bottom of a 3O cone was obtained 
with a miniature electrical pressure gage of the type described in reference 6. The gage 
was installed inside the cone between the differential static -pressure orifices. Refer - 
ence 6 shows the frequency response of this type of pressure-gage installation to be f l a t  to 
more than 500 cps. The fluctuating differential pressure signal was tape recorded and 
analyzed for the root-mean-square and power-spectral-density information. A steady- 
state calibration of the cone static-pressure differential with cone angle of attack was 
obtained as a function of Mach number. The analyses of the fluctuating cone static- 
pressure differential were then interpreted as a measure of the wind-tunnel airstream 
turbulence on the tunnel center line in the pitch plane of the model using the steady-state 
calibration. 
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The model steady-state aerodynamic forces were obtained with a six-component 
internal strain-gage balance, and the model steady-state angle of attack was determined 
with an internal pendulum-type attitude indicator. 

Wind Tunnel 

The model was tested in the Langley 16-foot transonic tunnel, which is a single- 
return wind tunnel with a slotted octagonal test section operating at atmospheric stagna- 
tion pressure. (See ref. 7.) The model support system utilized a sting mount from the 
rear (fig. 1) and pivoted so  that the model remained near the center of the test section 
throughout the angle-of -attack range. 

The power spectral density of the airstream turbulence, as inferred from the 3 O  

cone fluctuating differential static-pressure measurements, is shown in figure 5 for a 
representative Mach number of 0.80. A large portion of the power is concentrated at 
frequencies below 10 cps. The variation with Mach number of the root-mean-square 
turbulent-fluctuating-airstream angularity from the 3' cone measurements is shown in 
figure 6. 

Tests 

The low-aspect-ratio wing configuration was tested at Mach numbers from 0.30 to 
0.98 and at angles of attack from -1.5O to 16.5O; the high-aspect-ratio wing configuration 
was tested at Mach numbers from 0.60 to 0.92 and at angles of attack from -1.5O to 18.5O. 
The test Reynolds number per  meter varied approximately from 6 X lo6 to 13 X lo6. 
Boundary-layer transition was fixed during the buffeting tests with distributed-roughness - 
particle transition strips located near the nose or leading edge of all model components. 
The transition strips consisted of No. 120 grit size silicon carbide grains sparsely dis- 
tributed in a thin film of shellac. The streamwise dimensions and locations of the tran- 
sition strips were approximately as follows: On the wing, a 1.0-centimeter-wide strip 
was  parallel to and 1.5 centimeters behind the leading edge; on the end plates and nacelles, 
a 0.6-centimeter-wide strip was  parallel to and 1.0 centimeter behind the leading edge; 
and on the fuselage, a 0.6 -centimeter-wide circumferential strip was 1.9 centimeters 
behind the nose. The longitudinal tr im control surfaces (free-floating canards located 
near the nose of the fuselage) were not present for either configuration during the 
buffeting tests. 

The steady-state and time-history data were recorded concurrently during the 
buffeting tests. A tape record of about 45 seconds duration was obtained of the wing 
strain-gage output at each data point for subsequent analysis. The model wind-off fre- 
quency response characteristics were determined in the tunnel and on a ground stand by 
shaking the model with an electromagnetic shaker. 
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RESULTS AND DISCUSSION 

The buffeting results are presented in  figure 7 for the low-aspect-ratio (3.6) wing 
configuration and in figure 8 for the high-aspect-ratio (6.0) wing conf i~ra t ion .  These 
figures show the buffeting coefficient CB as a function of wing angle of attack at various 
Mach numbers. The steady-state l if t  coefficient CL is included in the figures for 
reference purposes. 

At low angles of attack for most Mach numbers, the response is similar for both 
wing configurations but the high-aspect-ratio wing configuration appears more susceptible 
to the exciting forces which are present under low l i f t  conditions. These exciting forces 
are considered to be caused primarily by wind-tunnel airstream turbulence. During 
buffeting tests, such forces are undesirable because their presence may tend to change 
or obscure the buffeting response. The method of subtracting the effects of turbulence 
from buffeting loads data depends on the correlation which exists between the loads due 
to turbulence and those due to buffeting, and must be regarded as somewhat uncertain 
because of the limited amount of information which is available on this subject. Because 
of th i s  uncertainty, the effects of turbulence have not been subtracted from the buffeting 
data of figures 7 and 8. 

As may be seen in figure 7, the low-aspect-ratio (3.6) wing exhibited a gradual 
entry into buffeting with increasing angle of attack at Mach numbers up to 0.80. Severe 
nonlinearities in the l if t  curve occurred at a Mach number of 0.90 and at an angle of 
attack of about 8.5O. (See fig. 7(e).) The data points of the buffeting tests were not 
spaced closely enough to define the nonlinearities but subsequent force tests revealed 
these nonlinearities. (See fig. 20 of ref. 1.) These nonlinearities were accompanied by 
an abrupt increase in the buffeting coefficient at this Mach number. Figure 8 shows that 
at all Mach numbers from 0.60 to 0.92, the high-aspect-ratio (6.0) wing configuration 
exhibited a more abrupt entry into buffeting with increasing angle of attack than the low- 
aspect-ratio wing. If the lift coefficient for the onset of buffeting is arbitrarily taken as 
occurring at the angle of attack where the dashed lines intersect in figures 7 and 8, then 
the resulting buffet boundaries are as shown in figure 9. The lift coefficient for the onset 
of buffeting on the high-aspect-ratio (6.0) wing is seen to be lower than that for the low- 
aspect-ratio (3.6) wing. 

CONCLUDING REMARKS 

During the course of wind-tunnel force tests on a 1/30-scale model of a proposed 
subsonic nuclear-powered airplane in the Langley 16-foot transonic tunnel, wing-buffeting 
measurements were made on two different wing - end-plate model configurations. The 
low-aspect-ratio (3.6) wing had a leading-edge sweepback angle of 51°, and the 
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high-aspect-ratio (6.0) wing had a leading-edge sweepback angle of 36O. The model 
support system introduced undesirable buffeting response vibration modes in the same 
frequency range as the model wing vibration modes. On a comparative basis, the high- 
aspect-ratio wing configuration generally exhibited a more abrupt entry into buffeting 
with increasing angle of attack and had a lower lift coefficient for the onset of buffeting 
than that of the low-aspect-ratio wing configuration. 

Langley Research Center, 
National Aeronautics and Space Administration, 

Langley Station, Hampton, Va., March 30, 1967, 
126 -13-01 -03-23. 
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TABLE I. - MODEL GEOMETRJCAL AND PHYSICAL CONSTANTS 

Low-aspect -ratio High-aspect -ratio 
(3.6) wing (6.0) wing 

b / 2 , m . .  . . . . . . . . . . . . . . . . . . .  0.682 0.880 

Cav, . . . . . . . . . . . . . . . . . . . . .  0.379 0.293 

yg,m . . . . . . . . . . . . . . . . . . . . .  0.268 0.253 

s , m 2  . . . . . . . . . . . . . . . . . . . . .  0.490 0.488 

SI, m 2 . .  . . . . . . . . . . . . . . . . . . .  0.085 0.095 

~ 2 ,  m 2 .  . . . . . . . . . . . . . . . . . . . .  0.048 0.052 

M 1 , k g . .  . . . . . . . . . . . . . . . . . . .  11.72 10.95 

M,,J, kg-m . . . . . . . . . . . . . . . . . .  2.67 3.86 

wl, rad/sec . . . . . . . . . . . . . . . . . .  213 

( rcav ~ ' 2 ,  m 2 . . . .  49.7 
OlMrn, 1 SI zli;llsz 2 

146 

48.1 
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Figure 4.- Power spectral density of wing bending moment for low-aspect-ratio (3.6) wing at M = 0.90. 
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Figure 5.- Power spectral density of airstream turbulence from 3' cone pressure fluctuations at M = 0.80. 
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Figure 6.- Variation with Mach number of turbulent-fluctuating-airstream angularity on wind-tunnel center line 
in  pitch plane of model. (From 3O cone data.) 
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(a) M = 0.30. 

Figure 7.- Variation of buffeting coefficient and lift coefficient with angle of attack for low-aspect-ratio 13.6) wing configuration. 
intersection of dashed lines indicates onset of buffeting. 
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Figure 7.- Continued. 
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Figure 7.- Continued. 
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Figure 7.- Continued. 
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Figure 7.- Continued. 



(f) M = 0.98. 

Figure 7.- Concluded. 
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(a) M = 0.60. 

Figure 8.- Variation of buffeting coefficient and lift coefficient with angle of attack for high-aspect-ratio (6.0) wing configuration. 
Intersection of dashed lines indicates onset of buffeting. 
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Figure 8.- Continued. 
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Figure 9.- Comparison of buffet boundaries for the low-aspect-ratio (3.6) and high-aspect-ratio (6.0) wing configurations. 
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